ABSTRACT
INTRODUCTION
Respiratory muscle strength testing is not routinely performed as part of the assessment of lung function in children or patients with Cystic Fibrosis (CF). Nevertheless, respiratory muscle weakness can lead to respiratory muscle fatigue and respiratory failure especially in individuals with compromised pulmonary reserves. Clinical assessment of respiratory muscle strength is difficult, thus justifying the need for objective quantitative measurements [1] . Respiratory muscle strength is compromised in COPD [2] and in conditions characterized by generalized muscular weakness [3] , while malnutrition and steroid therapy are also known to negatively affect respiratory muscle strength [4] . Respiratory muscle impairment is also strongly associated with a negative impact on the clinical outcome of CF [5, 6] . For all the aforementioned reasons, the physical therapist, clinician and health professional participating in the care of CF patients should be familiar with the technicalities of performing and the implications of interpreting respiratory muscle strength measurements.
The most widely used way to assess global respiretory muscle strength is by measuring static maximal inspiratory (Pi max ) and static maximal expiratory (Pe max ) pressures at the mouth [7] . Normal values for these indices have been established in both adult [8, 9] and pediatric populations [10] . A number of studies have reported decreased maximal respiratory pressure values in CF patients which are related to malnutrition and pulmonary function abnormalities [11, 12] . Measurement of maximal respiratory muscle pressures has traditionally been carried out by complex devices in a research laboratory setting which demand the physical presence of the patient in the research lab. Handheld manometers allow for the physical therapist and clinician to test respiratory muscle strength both at the bedside as well as in the community.
Thus, portable maximal respiratory pressure measuring needs to be accurate, reliable and easy to perform in a non-hospital setting.
Our objective was to compare measurements of static Pi max and Pe max pressures by a portable manometer against the standard lab equipment in a large cohort of healthy children and young adults as well as in children and young adults with CF.
METHODS

Study Design
This study constituted part of a wider observational cross-sectional study investigating respiratory muscle function in patients with CF.
Subjects
Patients with CF attending their follow up appointments in the Department of Cystic Fibrosis of Aghia-Sophia Children's Hospital in Athens, Greece and healthy children and young adults recruited in the outpatient department of Patras University Hospital, Patras, Greece were evaluated.
Measurements
The Micro RPM (Care Fusion, San Diego, California, USA) is a handheld manometer designed to measure maximal respiratory pressures which has been utilised to measure Pi max and Pe max [13, 14] while it has also performed well in reliability testing both in the sitting and standing positions [15] . The inbuilt microprocessor is programmed to average the maximum pressure sustained over a period of one second both for inspiratory and expiratory maneuvers. Its features include measurement range of +/− 300 cm H 2 O, resolution of 1 cm H 2 O and accuracy of +/− 3% [16] .
The standard laboratory equipment consisted of a differential pressure transducer (DP45, range ± 225 cm H 2 O, Validyne Engineering, Northridge, California, USA), a carrier amplifier (Validyne CD 280, Validyne Engineering, Northridge, California, USA) and a computer (Dell Optiplex GX620, Dell Inc., Texas, USA) running data analysis software (Labview, National Instruments, Austin, Texas, USA) with analog-to-digital sampling at 100 Hz (16-bit NI PCI-6036E, National Instruments, Austin, Texas, USA). The standard laboratory equipment was calibrated before each subject against a handheld manometer. The maximum pressure sustained over one second was measured for both inspiratory and expiratory maneuvers.
Pi max was measured from Residual Volume (RV) performing a maximal inspiratory effort against an occluded airway and Pe max was measured from Total Lung Capacity (TLC) upon a maximal expiratory effort against an occluded airway [17] . Both maximal pressures were measured based on five maximal reproducible respiretory efforts and the maximum achieved value was recorded.
The respiratory line incorporated a small leak to avoid glottic closure [17] . Patients were all assessed with the same medical instruments in the same setting. Adequate time was allowed for the subjects to familiarize with the equipment and the technique. All participants were evaluated in the sitting position with a nose clip.
Statistics
Data were assessed for normality using KolmogorovSmirnoff and Shapiro-Wilk tests. Correlation testing was performed with Pearson Correlation Coefficient. Analysis of agreement between the two methods was performed according to the Bland and Altman recommendations [18] . Statistical analysis was performed using statistics software (SPSS 17.0, SPSS, Chicago, Illinois, USA).
Ethics Approval
The study protocol was approved by the Patras University Hospital and Aghia Sophia Children's Hospital Ethics Committees. Parents, legal guardians or patients as appropriate provided informed written consent prior to the study.
RESULTS
Between October 2009 and June 2010, 296 subjects were measured. 149 patients with CF and 147 healthy subjects were included. Ages ranged from 6 -34 years. Median age was 13 years and interquartile range was 10 -17 years. In the CF group 70 patients were male (47%), median age (interquartile range) was 14 (10 -17) years; while in the group of healthy subjects 85 of 147 (58%) were male with a median age (interquartile range) of 13 (10 -16) years.
In order to present the comparison between the two methods, the data obtained from healthy subjects and CF patients were pooled. However, the measured Pi max and Pe max data of both study subgroups are indicated by separate symbols in the corresponding figures.
Mean and standard deviation values for Pi max and Pe max by Micro RPM and Standard Laboratory (SL) methods are presented in Table 1 . In the whole cohort there was a significant positive correlation between Pi max measured by Micro RPM and Pi max measured by SL (r = 0.783, p < 0.001, Figure 1 ). In the whole cohort there was a significant positive correlation between Pe max measured by Micro RPM and Pe max measured by SL (r = 0.953, p < 0.001, Figure 2 ). In the CF group there was a Maximal respiratory pressures are one of the most widely applied methods in the assessment of respiratory muscle strength; they carry the advantage that they are non-invasive, while a number of previous studies have established normal values in adults and children. Nevertheless, being volitional tests, one should consider that suboptimal motivation or lack of coordination might result in low readings in non-compromised, strong respiratory muscles [19] . In clinical practice, a measurement of maximal inspiratory pressure at −80 cm H 2 O practically excludes the possibility of respiratory muscle weakness [17] . The Micro RPM portable manometer offers the option to calibrate the device against a known reference static pressure. Over the nine month period of the study, we did not perform static calibration of the Micro RPM and we did not observe any drift of measurements.
Estimation of maximal sustainable static pressure on Labview is traditionally performed by visual assessment of the pressure tracings and manual selection of a level at which the pressure is sustained at the plateau area of the curve; this might practically underestimate the actual averaged pressure over one second. The Micro RPM's feature of automatically processing and averaging pressure over the one second period might provide a more accurate estimation of the maximal pressure value.
JBiSE
The present study reports similar values for Pi max and Pe max in health and CF given that our cohort incorporates young children and adolescents [11, 12, 20] . Pi max measurements have a wider dispersion as compared to Pe max and as demonstrated in Table 1 . This might be attributed to the increased technical difficulty of performing the maximal inspiratory maneuver and the unpleasant nature of the test, as compared to the maximal expiratory maneuver which is a rather more straightforward procedure. This unpleasant nature and need for motivation and coordination in performing the Pi max maneuver might be even more relevant in our study given that our cohort partly consists of young children.
The value of portable manometry in assessing respiratory muscle strength has been addressed in previous studies [7, 15, 21] . The present study differs to the previous ones and complements them in that it consists of a large number of subjects and it incorporates young children and patients with Cystic Fibrosis. To the authors' best knowledge, no previous study has tested the device in young children where the anticipated maximal pressure values are lower [20] , or in patients with CF where lung mechanics are distorted by obstruction and hyperinflation [22] .
The authors believe that our findings bear significant importance both for clinical and research purposes. The Micro RPM is an easy to operate, portable, accurate and reliable device which could facilitate the spreading of respiratory muscle strength measurement in a variety of clinical environments, such as the hospital bedside and the community and assess the efficacy of physical therapy interventions such as inspiratory muscle training. Furthermore, this device could also be utilized in the research setting yielding accurate and reliable results. CF patients in particular could greatly benefit from regular measurement of Pi max and Pe max , as they are known to be in increased danger or respiratory muscle fatigue and respiratory muscle failure [23, 24] . Early recognition of these complications could help to decide when to initiate treatment modalities such as non-invasive ventilation and inspiratory muscle training.
The authors conclude that the Micro RPM reliably and accurately measures Pi max and Pe max both in healthy indi-viduals as well as in patients with CF. The device is accessible and easy to operate and could help promote respiratory muscle strength assessment as a clinical and research tool.
